It was established over a decade ago that the remarkable highenergy transients known as soft g-ray repeaters (SGRs) are located in our Galaxy 1,2 and originate from neutron stars with intense (#10 15 G) magnetic fields-so-called 'magnetars' 3 . On 27 December 2004, a giant flare 4 with a fluence 5 exceeding 0.3 erg cm 22 was detected from SGR 1806220. Here we report the detection of a fading radio counterpart to this event. We began a monitoring programme from 0.2 to 250 GHz and obtained a high-resolution 21-cm radio spectrum that traces the intervening interstellar neutral hydrogen clouds. Analysis of the spectrum yields the first direct distance measurement of SGR 1806220: the source is located at a distance greater than 6.4 kpc and we argue that it is nearer than 9.8 kpc. If correct, our distance estimate lowers the total energy of the explosion and relaxes the demands on theoretical models. The energetics and the rapid decay of the radio source are not compatible with the afterglow model that is usually invoked for g-ray bursts. Instead, we suggest that the rapidly decaying radio emission arises from the debris ejected during the explosion.
On 3 January 2005 we observed SGR 1806220 with the Very Large Array (VLA) and identified and promptly reported 6 a new radio source at right ascension a J2000 ¼ 18 h 08 min 39.34 s and declination d J2000 ¼ 2208 24 0 39.7 00 (with an uncertainty of^0.1 00 in each coordinate) coincident with the quiescent X-ray counterpart 7 . In Table 1 we report the results of a subsequent monitoring programme undertaken with the VLA, the Giant Metre-wave Radio Telescope (GMRT), the Australia Telescope Compact Array (ATCA), the Nobeyama Millimeter Array (NMA) and the Institut de Radioastronomie Millimétrique (IRAM) 30-m telescope.
The radio source decays in all frequency bands, but its behaviour is complex (Fig. 1) . At each band we model the flux with a power law, S n (t) / t a , but allow for changes in the temporal indices a ('breaks') at two epochs. These breaks are clearly seen in our highest signal-to-noise ratio data. After the first break (nine days postburst) the light curve steepens to 24 & a & 23: The radio source 8 from SGR 1900þ14 following the 27 August 1998 giant flare 9 showed a similar rapid decay at 8 GHz. Subsequently, around day 14, the light curve flattens to a < 21. At any given epoch, the radio spectrum can be modelled by a power law, S n / n b . The spectral index, b, steepens with time, changing from about 20.7 to 20.9 (see Fig. 1 and Supplementary Information).
We confirm claims that the source is resolved 10 by an independent analysis. We find that it is elongated with a major-axis of v < 77 milliarcseconds (mas) and an axial ratio of 2:1 ( Table 2) . We considered four expansion models: v / t s with unconstrained s, and three plausible models (s ¼ 0, 2/5 and 1). The best-fit model corresponds to no expansion (s ¼ 0.04^0.15). However, owing to the limited range of our observations we prefer not to model the dynamics of the explosion.
We took advantage of the brightness of the radio source and obtained a high-resolution spectrum (Fig. 2b ) centred around the 21-cm line of atomic hydrogen (H I). Intervening interstellar clouds appear as absorption features in the spectrum. These clouds are expected to participate in the rotation of the Galaxy and the absorption features allow us to infer 'kinematic' distance estimates. Such estimates have several caveats. First, in the inner Galaxy the radial velocity curve is double-valued (see Fig. 2c ) leading to a 'near' distance estimate (d l ) and a 'far' distance estimate (d u ) for each velocity. Second, in some directions, there are features with noncircular motion, for example, the '3-kpc expanding arm' and the '230 km s 21 spiral arm' 11 . Finally, in the innermost part of the Galaxy there is a deficit of cold gas 12 . Significant H I absorption towards SGR 1806220 is seen over the velocity range 220 to þ85 km s 21 (Fig. 2b) . There is also a weak (2.5j) absorption feature coincident in velocity with a clearly detected 12 CO(1-0) emission feature identified 13 as MC94 (Fig. 2a) . Adopting a simple galactic rotation curve with a circular velocity Table 1 ). The error bars denote 1j uncertainties. With the exception of the 6.1-GHz data (which is insufficiently sampled at early and late times and is not shown), the light curves with n . 1 GHz are best fitted by power-law models (shown as lines, S n / t ai Þ with two breaks at t 1 , 9 days and here the subscript identifies the region of interest. After day ,15 (region C) the source decay flattens to a C < 2 0.9 at these frequencies, which persists until day 51. Region B, the period of steep light-curve decline, is shaded grey. The light curves with n , 1 GHz do not show these temporal breaks or late time flattening. Apparently a single power-law decay model with a ¼ 21.57^0.11 (0.24 GHz) and a ¼ 21.80^0.08 (0.61 GHz) provides a good statistical description of the data. Our substantial frequency coverage (over three decades) allows an excellent characterization of the spectrum. The spectrum is consistent with a single power-law slope (S n / n b ) at all epochs. corresponds to an H I cloud at the same velocity. This feature can be traced in absorption towards several other extragalactic radio sources in this direction 15 suggesting that cold gas at ,120 km s 21 is widespread. Adopting the same galactic rotation curve as above, the absorbing cloud at þ120 km s 21 can either be located at 7 or 9.8 kpc (see Fig. 2c ). We thus suggest an upper limit to the distance, d u ¼ 9.8 kpc.
Our new distance estimate is smaller than previous (indirect) values 11, 16 of 12 to 15 kpc. Accepting our estimate has several important implications. It results in a reduction of the total energy released (/d
2 ) as well as the rate of such events in nearby galaxies 17 (/d 3 ), and calls into question the association 18 of SGR 1806220 with a star cluster along the same line of sight. Therefore, claims that magnetars originate from more massive stars than normal neutron stars 19 may be called into question. Next we consider the energetics of the material giving rise to the radio emission. As with many other radio sources, the power-law spectrum can be attributed to energetic electrons with a power-law energy distribution (dN/dg / g 2p ; here g is the Lorentz factor of electrons and we measure p ¼ 2.24^0.04 on day 7, which is a typical value for strong shocks) that gyrate in a magnetic field and emit synchrotron radiation. We apply the minimum energy formulation for synchrotron sources 20, 21 to the radio spectrum (from 0.2 to 100 GHz) of 3 January 2005 and find the energy of the radio-emitting source and the associated magnetic field strength are U min < 10 43 d mG; here, the distance is 10d 10 kpc and the angular diameter is 75v 75 mas (Table 2) .
Evidently, the amount of energy released in the g-ray flare, E g;iso * 4 £ 10 45 erg s 21 (assuming unbeamed, isotropic emission), substantially exceeds U min . In contrast, the ratio U min /E g,iso is unity for g-ray bursts and as a result the lower-energy and longerduration emission is correctly regarded as arising from the shock of the circumburst medium (the 'afterglow' model). Thus, based solely on energetics, there is at first sight no reason to suggest that the radio source is the afterglow of the g-ray flare.
Furthermore, as discussed above, the radio emission decays quite rapidly nine days after the burst. Such a rapid decay is incompatible with the afterglow model (in the non-relativistic limit), for which we expect 22 a ¼ 3b þ 0.6. We conclude (in contrast to refs 23, 24 and 25) that the radio emission must be powered by something very different from that which produced the g-ray emission.
In summary, the radio emission can be described by two components: a rapidly decaying component and a slowly decaying component. The latter becomes detectable when the former has decayed significantly. The rapid decay is phenomenologically similar to that seen from accreting Galactic sources (for example, ref. 26)-the so-called 'plasmon' model framework, in which the radio emission arises from a ball of electrons and magnetic field which are initially shocked and then cool down by expansion. We make the specific suggestion that the radio emission, up until about two weeks, is a result of the shocking of the debris given off in the explosion (the 'reverse shock'). In this framework, the slowly decaying component is the emission arising from the forward shock as the ejecta slams into the circumburst medium. A requirement of this suggestion is that the energy inferred in the slowly decaying component should be comparable to U min . Separately, we note that the comparable ratios U min /E g,iso and the temporal and spectral similarities of the giant flares from SGR 1806 2 20 and SGR 1900þ14 suggest a common mechanism for launching these flares and similar circumstellar environments.
Regardless of the suggestions and speculations, it is clear that the radio afterglow is telling us something entirely different from that revealed by the g-ray emission. If our suggestion of a reverse-shock origin is correct, then radio observations allow us to probe the ejecta. Taken together, it appears that rapid and intense radio monitoring of such flares will be highly fruitful in the future. A While progress in fusion research continues with magnetic 1 and inertial 2 confinement, alternative approaches-such as Coulomb explosions of deuterium clusters 3 and ultrafast laser-plasma interactions 4 -also provide insight into basic processes and technological applications. However, attempts to produce fusion in a room temperature solid-state setting, including 'cold' fusion 5 and 'bubble' fusion 6 , have met with deep scepticism 7 . Here we report that gently heating a pyroelectric crystal in a deuterated atmosphere can generate fusion under desktop conditions. The electrostatic field of the crystal is used to generate and accelerate a deuteron beam (>100 keV and >4 nA), which, upon striking a deuterated target, produces a neutron flux over 400 times the background level. The presence of neutrons from the reaction D 1 D ! 3 He (820 keV) 1 n (2.45 MeV) within the target is confirmed by pulse shape analysis and proton recoil spectroscopy. As further evidence for this fusion reaction, we use a novel time-of-flight technique to demonstrate the delayed coincidence between the outgoing a-particle and the neutron. Although the reported fusion is not useful in the power-producing sense, we anticipate that the system will find application as a simple palm-sized neutron generator.
Because its spontaneous polarization is a function of temperature, heating or cooling a pyroelectric crystal in vacuum causes bound charge to accumulate on faces normal to the polarization. A modest change in temperature can lead to a surprisingly large electrostatic field. For example, heating a lithium tantalate crystal from 240 K to 265 K decreases its spontaneous polarization by 0.0037 C m 22 (ref. 8) . In the absence of spurious discharges, introducing this magnitude of surface charge density into the particular geometry of our experiment (Fig. 1a, b) gives a potential of 100 kV. Attempts to harness this potential have focused on electron acceleration and the accompanying bremsstrahlung radiation [9] [10] [11] [12] , but using the crystal to produce and accelerate ions has been studied much less. Seeking to drive the D-D fusion reaction (http://www.physics.ucla.edu/,naranjo/ucei/ucei.pdf; http://neer.inel.gov/abstract.asp?ProjectID¼126; http://www.bing hamton.edu/physics/Brownridge%20Summary.pdf), we set out to develop a method of reliably producing an ion beam of sufficient energy (.80 keV) and current (.1 nA). We demonstrate such a method using a tungsten tip to generate the high field (.25 V nm 21 ) necessary for gas phase field ionization of deuterium.
A cut-away view of our vacuum chamber is shown in Fig. 1c . We mounted a cylindrical (diameter, 3.0 cm; height, 1.0 cm) z-cut LiTaO 3 crystal with negative axis facing outward onto a hollow copper block. On the exposed crystal face, we attached a copper disc (diameter, 2.5 cm; height, 0.5 mm), allowing charge to flow to a tungsten probe (shank diameter, 80 mm; tip radius, 100 nm; length, 2.3 mm) (Fig. 1b) . The probe geometry was chosen so that the tip field was approximately 25 V nm 21 when the crystal face was charged to 80 kV.
Our detector arrangement is shown in Fig. 1d . The neutron detector consists of six liquid scintillator (BC-501A and NE213) cells (diameter, 127 mm; height, 137 mm), each optically coupled to a 127-mm Hamamatsu R1250 photomultiplier tube (PMT). One output of each PMT was fed into a logical OR trigger, while the other output was fed into two Acqiris DC270 8-bit (1 gigasample per second) 4-channel digitizers configured as a single 8-channel digitizer. For every trigger, a 650-ns waveform was digitized simultaneously on all channels and written to disk for later analysis.
A typical run is shown in Fig. 2 . The chamber's deuterium pressure was held at 0.7 Pa throughout the run. First, the crystal was cooled down to 240 K from room temperature by pouring liquid nitrogen into the cryogenic feedthrough. At time t ¼ 15 s, the heater was turned on. At t ¼ 100 s, X-ray hits due to free electrons striking the crystal were recorded. At t ¼ 150 s, the crystal had reached 80 kV and field ionization was rapidly turning on. At t ¼ 160 s and still not above 0 8C, the neutron signal rose above background. Ions striking the mesh and the surrounding aperture created secondary electrons that accelerated back into the crystal, increasing the X-ray signal. At t ¼ 170 s, the exponential growth of the ion current had ceased, and the tip was operating in the strong field regime, in which neutral molecules approaching the tip ionize with unity probability. The neutron flux continued to increase along with crystal potential until t ¼ 220 s, when we shut off the heater. Then, the crystal lost charge through field ionization faster than the
